1-2 years after thoracotomy will suffer with persistent chest wall pain (2) . Despite this alarming rate, very little is known about the factors that mark the transition from time-limited pain to chronic, pathological pain.
Recent progress in the area of acute pain mechanisms suggests that high-intensity. noxious stimulation sufficient to activate C-fiber afferents may set the stage for long-term pain. Experimental models of neuropathic pain show that while both peripheral and central nervous system (CNS) mechanisms play significant roles in initiating nociceptive behavior, altered CNS processing appears to be responsible for its maintenance (3) (4) (5) . Clinical evidence that CNS plasticity contributes to persistent pain comes from studies of amputees who complain of phantom limb pain that resembles a painful preamputation lesion (6, 7) . Additional evidence indicates that male neonatal circumcision is associated with a greater response to vaccination several months later (8) . Conversely, blocking the afferent barrage induced by surgical incision and other noxious perioperative events reduces postoperative pain intensity (3, 9) . Preincisional epidural administration of an opioid (lO) or local anaesthetic (It) and preincisional i.v. administration of morphine (l2) are more effective in reducing postoperative pain and/or analgesic requirements than postincisional administration of the same agent by the same route. Taken together, these studies suggest that traumatic peripheral injuries trigger long-lasting changes in the CNS which may underlie the transition from acute to chronic pain (13, 14) .
The aim of the present study was to evaluate the relationship between early postoperative pain and long-term post-thoracotomy pain. Patients who participated in a prospective, randomized study (15) comparing preemptive multimodal analgesia with a placebo control condition were contacted approximately 1.5 years after thoracotomy and interviewed about the presence or absence of long-term pain. In the original study 05}, use of preemptive multimodal analgesia during surgery was not found to be more effective than the placebo in reducing the intensity of acute postoperative pain. Notwithstanding these negative findings, we were interested in evaluating the relationship between early postoperative pain intensity and long-term post-thoracotomy pain. We hypothesized that acute postoperative pain intensity would predict long-term post-thorac-. otomy pain.
METHODS
The study was approved by The Toronto Hospital Committee for Research on Human Subjects. Written informed consent was obtained from all patients. Baseline preoperative Beck Depression Inventory (BDI; 16) and Spielberger (17) state (STAI-S) and trait (STAI-T) anxiety assessments were completed the day before surgery. Pre-and postoperative pain thresholds to pressure were assessed in Ib/in 2 (PSI) using an algometer (Pressure Threshold Meter; Pain Diagnostics and Thermography, Great Neck, NY, U.S.A.) on the skin overlying the lateral aspect of the fifth or sixth rib contralateral to the (proposed) incision.
A visual analogue scale (18) was used to assess postoperative pain intensity at rest (VAS-R) and after movement (VAS-M). Pain was also assessed with the McGill Pain Questionnaire (MPQ; 19). A patient-controlled analgesia (PCA) infusion pump (Abbott Life Care II Infuser, Chicago, IL, U.S.A.) was set to deliver a 1.5-2.0 mg i.v. bolus dose of morphine with a lockout time of 6 min, a maximum dose of30 mg in any 4 h period, and no background infusion. No other analgesics were provided during the 72 h study period.
Patients were contacted by telephone approximately 1.5 years after surgery by a research assistant who was unaware of the purpose of the study. A standardized questionnaire was administered to each patient assessing the absence or presence and intensity of pain in the region of the thoracotomy scar at rest and after movement. All patients reporting pain rated it on a 0-10 verbal rating scale (VRS). Patients were assigned to one of two groups based on the presence or absence of long-term post-thoracotomy pain.
Demographic and clinical variables were analyzed by unpaired t test (parametric data) and X 2 test (frequency data). VAS-R, VAS-M, and MPQ scores were analyzed by the Mann-Whitney U test. Pain thresholds were analyzed by two-way repeated measures analysis of covariance. Cumulative morphine consumption was analyzed by unpaired t test. Correlations between demographic/clinical variables and postoperative pain were calculated by the Pearson (parametric) or Spearman (non-parametric) method using Bonferonni's type I error rate correction. The value p < 0.05 was considered statistically significant.
RESULTS
Of the 30 patients enrolled in the study approximately 1.5 years earlier, 23 (77%) were contacted and interviewed by telephone, three (lO%) had died, and four (l3%) could not be reached. Eleven of the 23 patients (48%) from whom follow-up information was obtained reported being pain-free. The remaining 12 patients (52%) reported that they continued to suffer from post-thoracotomy pain on a daily or weekly basis. The typical description was Early postoperative pain was the only factor that significantly predicted long-term pain. Pain intensity on the first day after surgery, both at rest (Fig. lA) and after movement (Fig. IB) , was significantly greater among patients who developed long-term pain compared with those who did not (all p < 0.03, Mann-Whitney U test). A significant predictive relationship was also found for pain on postoperative days 1 and 2 as measured by the MPQ (fable 3). In addition, a greater proportion of patients who subsequently developed long-term pain endorsed more MPQ adjectives on days 1-3 after surgery than did pain-free patients (Table 4) . Cumulative morphine consumption (Fig. 2) was virtually identical for the two groups (p > 0.05, t test), indicating that the differences in pain were not mediated by postoperative analgesic usage. with and without long-term post-thoracotomy pain. 'p < 0.03. 7 
1
Pain-free (n = I!) of pain. Pre-and postoperative pain thresholds (Table 5) did not differ significantly for the two groups. Thus, the differences in postoperative pain were not due to a generalized response bias to noxious stimulation since pain thresholds to pressure were similar when postoperative pain intensity differed. Pain did not correlate significantly with any demographic or clinical variable.
DISCUSSION
This prospective study is the first to provide clear evidence of a significant predictive relationship between the intensity and quality of acute postoperative pain and the development of chronic post-thoracotomy pain. Patients who reported pain more than 1.5 years after surgery could be distinguished from their pain-free counterparts by the intensity of pain experienced as early as 6 h, and up to 2 days, after surgery.
Acute post-thoracotomy pain arises from multiple sources, including the wound proper, disruption of ribs and intercostal nerves, inflammation of chest wall structures adjacent to the incision, incision or crushing of pulmonary parenchyma or pleura, and thoracostomy drainage tubes (20) . The precise mechanisms cannot be identified, but we suspect that perioperative intercostal nerve damage (e.g., nerve crush during rib retraction or nerve constriction when suturing) is responsible for the heightened postoperative pain as well as the long-term neuropathic. pain. The finding that morphine consumption on postoperative days 1 and 2 was comparable for the groups despite significant differences in pain indicates that patients may have been titrating morphine to some effect other than pain (e.g., sedation, nausea, personal control). More importantly, it suggests that the acute postoperative pain among patients who later developed long-term pain may not have been as responsive to morphine, a finding consistent with certain other neuropathic pains (21) . The key role in central nociceptive processing played by the N-methyl-D-aspartate (NMDA) excitatory amino acid receptor raises the possibility that NMDA antagonists (e.g., ketamine and dextromethorphan) may be a useful adjunct (22) . Whether aggressively treating early postoperative pain (e.g., with continuous epidural local anesthesia) will diminish the likelihood of long-term pain is not known, but it is a logical first step toward identifying factors responsible for the transition of acute, physiological pain to chronic, pathological pain.
One limitation of the present study is that patients were not examined for recurrence of malignant disease. Thus, the 52% rate of occurrence of long-term post-thoracotomy pain may be an inflated estimate ofthe true incidence. However, this seems unlikely based on a survey of patients who were disease-free at the time of interview, which found that 54% continued to suffer from thoracotomy pain more than 2 years aftenurgery (2). In addition, without a physical examination at follow-up, we are not able to specify the extent to which abnormal peripheral or central neural processes contribute to the pain. Another limitation is the small sample size, notwithstanding the prospective design and high percentage of patients reached for follow-up. Generalization to the larger population of posHhoracotomy patients may be limited. In this regard, a larger prospective study would be useful in determining the relationship between acute postoperative pain intensity and the development of long-term post-thoracotomy pain.
In summary, the results of the present study show that long-term pain 1.5 years after thoracic surgery was predicted by the intensity of pain within the first day after surgery. Acute postoperative pain was significantly more intense among patients who developed long-term pain compared with pain-free patients. Intercostal nerve damage may be responsible for both the enhanced pain shortly after surgery and the long-term pain. The role of poorly controlled acute pain in the development of longterm pain requires further study. These results point to the importance of aggressively managing acute postoperative pain not only for the immediate benefit of relieving pain but possibly also to disrupt the peripheral and central neural processes responsible for the transition to chronicity.
